Adenosine and guanosine are transported into Petunia hybrida pollen by a saturable, carrier-mediated mechanism. The energy poisons carbonylcyanide-m-chlorophenylhydrazone, 2,4-dinitrophenol, 7-chloro-4-nitrobenzo-2-oxa-1,3-diazole, and N,N'-dicyclohexylcarbodiimide all inhibit uptake, suggesting an energy coupled (active) transport process. Transport takes place against a concentration gradient, strongly favoring an active transport mechanism. The purine nucleoside transport in Petunia pollen differs from that already reported for pyrimidine nucleosides in that it exhibits a significantly higher K. for nucleoside and is not so severely inhibited by the polyamine, spermine. Like that for the pyrimidine nucleosides uridine and cytosine, however, the system exhibits a broad pH optimum, is inhibited by sulfydryl-binding reagents, while the potent inhibitors of nucleoside transport in animal cells, nitrobenzylthioinosine and dipyridamole, have no effect. Transport of both purine and pyrimidine nucleosides in germinating pollen decreases steadily with time, a finding consistent with reports that RNA synthesis and DNA repair are early events of pollen germination and tube elongation. However, since these precursors are often used to demonstrate nucleic acid synthesis, it cannot be ruled out that the lack of precursor transport itself leads to scoring nucleic acid synthesis as negative. The results indicate that the newly synthesized pollen tube membranes contain little or no nucleoside transporters.
In Petunia hybrida, when a pollen grain alights on the stigma, germination of the pollen grain takes place, pollen tube formation is initiated and the pollen tube elongates down through the female tissue of the stigma and then the style. During these processes there is a close interaction between pollen and style (3, 14) and it is known that some metabolites are taken up from the style by the pollen and pollen tube (14) . A study of the transport processes involved is therefore of relevance to our understanding of pollen-pistil interaction. Although DNA replication may not take place during pollen germination in many species (5) , it is known that DNA repair (4) (5) (6) (7) (8) and RNA synthesis (17) occur at this time, implying a need for precursors ofnucleic acid synthesis for these processes. The most readily utilized precursors of nucleic acid biosynthesis, the purine and pyrimidine nucleosides, are known to accumulate in Petunia styles soon after pollination (24) and could therefore be available for germinating pollen depending on the transport mechanisms possessed by the pollen.
Pyrimidine nucleoside transport systems have already been described for germinating Petunia pollen (1 1, 12) . We have shown that pyrimidine nucleosides are taken up by an active, carriermediated mechanism except for thymidine which appears to be transported by a nonactive, carrier-mediated process. This communication describes the transport system for purine nucleosides in germinating Petunia pollen, and its relative activity, together with that for pyrimidine nucleosides, through development of pollen germination and tube elongation. Implications for pollenstyle interaction are discussed.
MATERIALS AND METHODS Materials. Pollen from Petunia hybrida L. clone W166H was collected from plants grown under glasshouse conditions and stored at -1 5°C before use as described previously (11, 12) Radiochemicals were purchased from Amersham Radiochemicals, England, and other chemicals from Sigma.
Pollen Culture and Transport Assays. Before culturing, the pollen was placed in a chamber with 100% humidity for 2 h, then quickly transferred to an Erlenmeyer flask containing a sterile solution of 10% sucrose in 0.01% boric acid (pH 5.5) for culture at 25°C in a shaking water bath (5) . Pollen inhibitors DCCD' and NBD-Cl, and the proton translocators CCCP and DNP (11, 12) were added to the pollen cultures during transport determinations. As shown in Table II , these compounds inhibited purine nucleoside transport very effectively, and did so with an equally effective inhibition of ATP buildup in the pollen. These results support the conclusion that the transport of adenosine and guanosine into Petunia pollen is an active process. As shown in Table III , the amount of ATP in control germinating pollen (i.e. pollen cultured in the absence of metabolic inhibitors) continues to rise up to at least 30 min, by which time it has reached 1.81 uM. We also observed that ATP levels continued to rise slowly after this time, reaching 1.88 gM and 1.94 MM by 60 min and 120 min, respectively, after start of germination in control pollen. The amount of ATP in the pollen in the presence of the various metabolic inhibitors at these later times was found to be similar to that recorded at 30 min for each inhibitor (Table III) . In general these results on the effect of inhibitors on ATP levels are similar to those recorded for other plant cells (10, 22) . Sulfydryl-binding reagents are known to be effective inhibitors of nucleoside uptake in Escherichia coli (18) and animal cells (25) . We showed that these reagents are potent inhibitors of pyrimidine nucleoside transport in Petunia pollen (11, 12) , and as shown in Table II , NEM and PAO are also effective inhibitors of pollen purine nucleoside uptake. Similarly the metal-complexing reagents EDTA and EGTA are effective inhibitors of both purine nucleoside (Table II) (Table IV) at concentrations normally used for animal cells (25) . The most effective nucleoside inhibitors of adenosine and guanosine transport were the common alternative purine nucleosides guanosine and adenosine, respectively. The pyrimidine nucleosides uridine and thymidine (Table IV) were also quite effective inhibitors. Inosine was found to be relatively ineffective, in line with the observation made above that the inosine analogue nitrobenzylthioinosine is not an inhibitor. Of other potential inhibitors, it was found that dipyridamole, another mammalian cell nucleoside transport inhibitor (25) , was without significant effect. The polyamines spermine and spermidine gave significant inhibition at 125 gM, while putrescine was without effect (Table IV) 
DISCUSSION
The potent inhibitors of nucleoside transport in animal cells, nitrobenzylthioinosine (9) and dipyridamole (23) , have been used to quantify the transporter sites in various animal cells, while photoaffinity labeling with nitrobenzylthioinosine has led to identification of the polypeptide at the transporter site (20) . It is now unlikely that these extremely useful techniques can be applied to plant cells, since we have shown here and elsewhere (12) that neither nitrobenzylthioinosine nor dipyridamole show any tendency to inhibit purine and pyrimidine nucleoside transport in Petunia pollen, and presumably in other plant cells as well. When we had found earlier that nitrobenzylthioinosine did not inhibit pyrimidine nucleoside transport in pollen cells (1 1, 12), it was speculated that inhibition by this purine nucleoside analogue may be found for pollen purine nucleoside transport. However this is now clearly seen not to be the case, and not only is inosine a poor inhibitor, but the analogue found to be so effective against animal cell transporters does not inhibit at all.
Purine nucleoside transport in pollen is saturable and therefore carrier-mediated as in animal cells. However, there the similarity ends, as evidence presented here suggests that pollen takes up purine nucleosides by an active process. Not only is nucleoside accumulated against a concentration gradient, but the ATPase inhibitors DCCD and NBD-Cl, and proton translocators CCCP and DNP are effective inhibitors of purine nucleoside transport, as they are of ATP accumulation in Petunia pollen. While the evidence for an active process is reasonably strong, nevertheless it cannot be unequivocal until a mutant becomes available which cannot phosphorylate nucleosides taken up, to test the system further. Active transport of nucleosides has been shown in E. coli (18) and yeast cells (15) . Sucrose is taken up by Lilium pollen through an active mechanism (2). This was shown by using pH studies which directly demonstrate proton-sucrose r symport. This approach is not possible for nucleoside studies in Petunia pollen as too little nucleoside is taken up to give significant pH changes.
The transport system described here for purine nucleosides is not unlike that already reported for the pyrimidine nucleosides uridine, bromodeoxyuridine and cytosine in Petunia pollen (1 1, 12) . These pyrimidine nucleosides are also taken up by a carriermediated active process, with a similar maximal velocity and which are not at all inhibited by the powerful nucleoside transport inhibitors of animal cells, dipyridamole and nitrobenzylthioinosine. Although the Km for adenosine and guanosine are significantly higher than for uridine and cytosine, it is tempting, in view of the general similarity between pyrimidine and purine nucleoside uptake, to suggest that one transport system is responsible for uptake of all the nucleosides except perhaps for thymidine. Thymidine is a special case in Petunia pollen, in that while transport is carrier-mediated, it does not appear to be linked to energy metabolism (1 1, 12) .
The properties of the nucleoside transport system described here and elsewhere (11, 12) pool is quite large and the chances then of the label entering DNA being repaired is extremely low compared to the label from thymidine (4). Another aspect of DNA repair which arises from the present investigation is that relating to changes in nucleoside transport during pollen germination. We find that nucleoside transport (adenosine, uridine, and thymidine) falls off dramatically with time, a fact which could partly explain the dramatic falloff in DNA repair observed after 4 h pollen germination (5, 6) . This arises because repair is measured by incorporation of exogenously supplied thymidine into DNA after transport into the pollen. This aspect was not considered previously, and may have implications for other nucleic acid labeling studies (17) . The decline in nucleoside transport during pollen germination may well mean that the newly synthesized pollen tube has little or no capability in nucleoside transport. Thus, it seems that the increase in free nucleosides observed in Petunia pistils following pollination (24) may not be freely taken up by the elongating pollen tubes, and instead may only enter in large quantities from the stigma into the pollen grain. This is consistent with the observed maximum in RNA synthesis at the very early stages of pollen germination (17) . However, protein synthesis is known to take place over a longer period, so that a study of amino acid uptake is needed to examine the possibility that the new pollen tube is equipped with amino acid transporters to utilize amino acids in pistils, and so demonstrate another aspect ofpollen-pistil interaction.
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